Characterization of catalytic activity and structure of selenocysteine-containing hGSTZ1c-1c based on site-directed mutagenesis and computational analysis.
Human glutathione transferase zeta 1c-1c (hGSTZ1c-1c) is one of the glutathione transferase isoenzymes and considered to be a protein scaffold to imitate glutathione peroxidase (GPX) owing to the natural binding site of glutathione (GSH). In this report, several residues near GSH were mutated to selenocysteine (Sec) or cysteine (Cys) residues and the impacts of the substitutions on different activities were discussed. Mutations of Ser-14 or/and Ser-15 to Cys or Sec residues resulted in dramatic loss of catalytic activity of hGSTZ1c-1c with chlorofluoroacetic acid as substrate, which indicated the importance of the hydroxyl groups in Ser-14 and Ser-15. And subsequent study by molecular modeling suggested that Ser-15 was probably involved in catalysis, while Ser-14 may play a crucial role in binding and orientation of GSH and possibly had a synergistic effect with Ser-15 in catalysis. On the contrary, the result of converting Cys-16 to Ser indicated its trivial role in catalysis. The investigations of the selenocysteine-containing hGSTZ1c-1c (seleno-hGSTZ1c-1c) and the mutant S17C implied that the substitutions of multi-Sec for Cys residues at position 16, 137, and 205 could lead to subtle change in the structure of the protein molecule and concomitant change in catalytic activity as a direct result. This finding provides overwhelming evidence that the protein scaffold containing fewer cysteines should be chosen for imitating GPX using cysteine auxotrophic strain system to avoid unexpected structural changes.